Introduction
Treatment of back pain is typically characterized by heterogeneous patterns that often show overutilization of low-value care (ie, high cost and low efficacy) and underutilization of high-value care (ie, low cost and high efficacy), concentrated around a small subset of the population that accounts for disproportionate amounts of health care resource utilization. [1] [2] [3] [4] Current treatment guidelines for back pain recommend using noninvasive conservative management as the first-line treatment option while avoiding more aggressive treatment options, such as high-end imaging, injections, and surgeries, at least during the early stages of the treatment. [5] [6] [7] [8] [9] Despite the availability of such guidelines, however, the current health care system in the United States does not engage patients and providers to adhere to the guideline. 10 For providers, the volume-based reimbursement system provides incentives for them to focus on using higher quantities of costlier forms of care rather than focusing on quality and value. For patients, the cost-sharing requirements imposed by the payer often do not reflect the true value of different treatment options available.
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Physical therapy (PT) is one of the potentially high-value treatment options for back pain 11, 12 that is currently underutilized. 13, 14 Although considered a form of conservative management that is consistent with the treatment guidelines, 5, 9, 15 use of PT for treatment of back pain has remained unchanged in recent years. 7, 16 For patients, access to PT can be limited due to financial barriers, 17 as health plans typically require preauthorization and per-session copay that can range from $10 to $60. To address this problem, a value-based insurance design (VBID) 18 approach to the treatment of back pain has been proposed and implemented by Geisinger Health Plan (GHP), a regional health plan covering approximately half a million members in Central Pennsylvania, since 2013.
The VBID version of the PT benefit package, referred to as the "PT bundle," has been previously shown to be associated with improved member satisfaction. 19 Under the PT bundle, a member who has a documented diagnosis of back pain is eligible to receive up to five PT sessions for a single copay, which is comparable to the typical copay amount for a single PT session. Upon determination of eligibility by GHP, the member is "preauthorized" to select a participating PT provider within GHP's provider network and begin receiving treatment. The member must obtain preauthorization prior to making his or her first PT visit for the health insurance coverage. The PT bundle can be renewed once for another set of five PT sessions for another copay during the same benefit period. The PT bundle therefore represents an innovative application of the principles of VBID focusing on enhanced access to a potentially high-value but underutilized treatment option to treat a condition that is prone to unnecessary and avoidable care. 20, 21 The aim of this study is to demonstrate, using real-world data, how the PT bundle has influenced the treatment patterns for back pain by examining its impact on care utilization and cost.
Data
This study was conducted as one of GHP's quality improvement initiatives and was therefore not subject to Geisinger's Institutional Review Board's review. The data used for this study were obtained from GHP claims data covering a 22-month period from January 2013 through October 2014. The sample included adult (ie, 18 years of age or older) GHP members with employer-sponsored health plans who had at least one International Classification of Diseases-9 (ICD-9) diagnosis codes for back pain (Supplemenatry material shows the complete list of eligible ICD-9 codes) and were preauthorized for PT during the study period.
The sample was further restricted to those members who did not switch health plans between those offering PT bundle and those without PT bundle during the study period (to avoid sample contamination) and who were preauthorized for PT on or after July 1, 2013. This cut-off date, which represents 3 months after the date at which the PT bundle first become available in April 1, 2013, was chosen to ensure that the first PT preauthorization dates capture the post-PT bundle intervention periods as accurately as possible; that is, the latter sample restriction was necessary because it was possible that a PT bundle-eligible member might have been preauthorized previously for PT prior to April 1, 2013 without the PT bundle benefit. Because the available data did not distinguish PT visits that were part of the PT bundle from those that were not, some PT visits made by the PT bundle cohort immediately after April 1, 2013 might have been incorrectly classified as PT bundle visits without this additional sample restriction. This would have led to an overestimation of PT utilization rates among the PT bundle intervention cohort immediately following the postintervention date.
The outcome variables were utilization rates and cost of care. For utilization, rates of PT and physician office visits (primary care physician (PCP) visits and specialist visits considered separately) along with rates of potentially avoidable care, defined as all-cause acute inpatient admissions, emergency department (ED) visits, and injections, were examined. All-cause rather than back-pain-related utilizations were considered because it was difficult to accurately identify back-pain-related utilizations from administratively collected claims data due to the lack of clinical information (eg, chief complaints). Correspondingly, cost of care was defined as total medical allowed amounts -the sum of all plan payments to providers plus member out-of-pocket costs for care covered under the plan's medical benefits -measured on a per-member-per-month basis. Prescription drug costs were not considered because pharmacy claims data were not available for some GHP members, as some employer groups did not provide pharmacy benefits through GHP.
Methods
A difference-in-difference approach was used to identify the PT bundle impact on the outcome variables, in which the cohort of GHP members who were preauthorized for the PT bundle was compared against a comparison cohort of GHP members who were preauthorized for PT under the standard per-visit copay requirement during the study period. As mentioned above, the post-PT intervention period was defined by the date of first PT preauthorization (ie, the index 
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To obtain the PT bundle impact using the difference-indifference method, a set of linear regression models were estimated in which the key covariates were the binary indicator for the PT bundle intervention cohort and the indicator variable for the post-PT bundle intervention period, as well as an interaction term between the two indicator variables. The estimated coefficient on the interaction term represented the PT bundle impact on the outcome variable. Moreover, the post-PT indicator variable was further subdivided into 3-month intervals (1-3, 4-6, 7-9, and >9 months since the index date) to account for the fact that the PT bundle impact is likely to be time-dependent -that is, the effect of the PT bundle during the first 3 months (ie, short term) is likely to be different from its effect after 6-9 months (ie, long term) since the intervention.
Because the members in the sample appeared multiple times in the data set, member fixed effects were included in the regression models to account for any confounding due to time-invariant member level factors. 22 The fixed effects model was particularly useful in this context due to the limited number of available covariates in the data set. In particular, the data set lacked detailed information about each member's health insurance benefit structure (eg, deductible levels, coverage limits, out-of-pocket cost sharing requirements, etc.) that might confound the PT bundle effect. Given the relatively short observation period in this study and that health insurance benefit structures tend to remain stable over the coverage period (which is usually 1 year), the member fixed effects absorbed the confounding effects of such unobserved member-level factors.
Consequently, time-invariant covariates such gender and the PT bundle cohort indicator variable were perfectly collinear with the member fixed effects and were therefore omitted from the model. However, member age and count of chronic conditions (up to nine -asthma, diabetes, congestive heart failure, chronic kidney disease, chronic obstructive pulmonary disease, coronary artery disease, hypertension, depression, and cancer), as well as the interaction terms between the two variables and calendar year indicators, were included as additional covariates in the model to capture time-varying confounding effects. In addition, to account for the correlation in the outcome variables within the same member over time, clustered standard errors were obtained and used to assess the statistical significance of the estimates. The statistical analyses were performed using Stata version 13 (StataCorp, College Station, TX, USA). Refer to the Appendix for the full regression model specification as well as the outputs.
Results
The dataset included 4,390 unique members, among which 2,197 members (50.0%) were offered the PT bundle at some point during the study period and 2,193 members had not been offered PT bundle during the same period. The average length of observation per member for the entire sample was 17.4 months (standard deviation (SD) =4.8). Among the PT bundle cohort, the average length of observation was 16.4 months (SD =4.9), and among the non-PT bundle cohort, the average length of observation was 18.4 months (SD =4.5). Prior to the index date (ie, first PT preauthorization date), the average length of observation for the PT bundle cohort was 9.0 months (SD =3.5), while the average length of observation for the non-PT bundle cohort was 8.5 months (SD =2.6). After the index date, the average length of observation for the PT bundle cohort was 8.0 months (SD =3.1), while the average length of observation for the non-PT bundle cohort was 10.1 months (SD =4.3).
Between the PT bundle and the non-PT bundle cohorts during the pre-PT bundle intervention period (Table 1) , distribution of the available member characteristic variables were similar, as indicated by p-values greater than 0.05 in all the individual variables. There were, however, some statistically significant differences in the dependent variables between the two cohorts: namely, the PT bundle cohort had higher mean PT visit counts and ED visit counts, as well as higher mean physician office visit counts.
In Tables 2 and 3 , "observed" amounts refer to the regression-adjusted estimates as observed among the PT bundle intervention cohort in the data. "Expected" amounts represent the regression-adjusted estimates that would have been expected among the PT bundle intervention cohort members had they not been offered PT bundle. The expected amounts are obtained by setting the post-PT bundle indicator variables to zero and recalculating the estimated values from the regression models. The difference between the observed and the expected estimates represent the PT bundle impact.
After the implementation of the PT bundle, the PT utilization rate nearly doubled relative to what was expected based on the non-PT bundle cohort during the first 3 months since the index date; it then continued to be higher than the expected during the following 4 to 9-month period ( Table 2 ). This increase in the PT utilization is then subsequently followed by a statically significant decline to a point at which it is below the expected level by 53.0% (p=0.005) after 9 months. The impact of the PT bundle on total medical cost, however, was not statistically significant at 5% level. Also, 
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Impact of a value-based insurance design for PT for back pain while PT bundle was not significantly associated with acute inpatient admissions (Table 3) , PT bundle was associated with 28.9%-34.9% reductions (p<0.05) in ED visits during the 4 to 9-month period since the index date. Moreover, although not statistically significant at 5% level, PT bundle appeared to be associated with lower utilization of injections after 9 months. The PT bundle was significantly associated with reductions in PCP visits after 6 months since the index date (Table 4) . However, PT bundle was associated with significant increases in specialist visits during the first 6 months since the index date. Subsequently, after 9 months, PT bundle was the associated with 35.1% lower rate of specialist visits, which was statistically significant at the 5% level (p=0.007). Figure 1 reproduces the results shown in Table 1 for the impact of the PT bundle on PT utilization. The most notable feature of Figure 1 is the peak PT visit rate among the PT bundle cohort during the first 3 months immediately following the index date, which is then followed by a steady and gradual decline in subsequent months. This is in contrast with the expected pattern based on the non-PT bundle cohort.
The expected PT visit rate shows a smaller peak during the early months, then a stable period during which the PT visit rate falls back nearly to the preindex period level, and then subsequently after the first 9 months, the PT visit rate among the non-PT bundle cohort significantly exceeds that of the PT bundle cohort.
Discussion
The results suggest that the PT bundle, which follows the main principle of VBID by lowering financial barriers to PT, may have altered the course of treatment for back pain in such a way it is more consistent with the well-established treatment guidelines for back pain. The guideline recommends using conservative management such as over-the-counter painrelief medications and PT as the first-line treatment, 16 while avoiding more aggressive and costlier treatment options. 20, 23 The rapid uptake of PT coupled with the reductions in ED visits among the PT bundle cohort in the short term therefore indicates that patients might have indeed chosen to use PT as the first-line treatment option instead of ED. In addition, the results show reductions of approximately 85% in injections starting in 9 months after the index date, albeit not statistically significant at the 5% level. The long-term reductions in injection rate are consistent with the expectation that 
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The results also suggest that among the PT bundle cohort, PT visits might have been complementary to physician office visits, as indicated by the similar patterns of increases and decreases of PCP and specialist visit rates that roughly mirror the PT visit patterns. That is, PCP and specialist visit rates appear to have increased during the first several months following the index date and then decreased significantly relative to the non-PT bundle cohort, as did the PT visit rates. This implies that at least some of the potentially avoidable care in ED might have been replaced with additional physician office visits and PT visits. To the extent that much of care rendered in ED for back pain consists of diagnostic testing and temporary relief of symptoms via episodic use of opioids, 23 the increased reliance on physician care at the expense of ED utilization implies potential benefits to patients via improved care coordination, longitudinal care management, and subsequently better long-term health outcomes.
At the same time, PT bundle does not appear to be associated with any significant total medical cost savings, either short-term or long-term. There are two potential explanations: First, the cost savings due to the reductions in ED visits, injections, and long-term physician visits may have been offset by the increased costs associated with the large increase in the PT utilization. Second, the fact that PT bundle does not appear to be associated with inpatient admission rates, which is typically a major cost driver, implies that PT bundle may not have influenced use of surgery to manage back pain. To the extent that surgery is appropriate for certain types of back pain 24 and that PT may not be effective for such conditions, the results suggest that PT bundle may have impacted only the treatment patterns of certain types of back pain for which discretionary, nonsurgical treatment options are available and prevalent in the currents standard of care.
Limitations of this study include reliance on observational data that were collected for administrative purposes and limited availability of patient characteristics and relevant clinical information in the available data. Consequently, the results may be subject to unobserved bias and confounding. In addition, generalizability of the findings is unknown, because PT bundle was offered to members of a single regional health plan whose membership predominantly consisted of Caucasian population residing in Central Pennsylvania. In addition, the impact of the PT bundle on prescription drug use and costs were not considered due to the lack of pharmacy claims data for some of the patients in the sample. To the extent that increased use of PT may reduce inappropriate use of opioids, this study potentially underestimates the overall benefits of the PT bundle. This is an important area for future research.
Conclusion
Implementation of the PT bundle appears to have led to a change in the treatment pattern of back pain that is more consistent with the recommended guideline to use more conservative management such as PT as the first-line treatment for back pain. Although no significant total cost saving was observed, the results suggest that a value-based approach to enhance patients' access to PT has a potential not only to improve patient outcome via better alignment of treatment patterns with the recommended guidelines but also to enhance patient experience of care.
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